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1 .  lN’1’R(NXJC’I’ION

Rcatok  swsing  observations ofthc surfzux, oblaiaul  fioIn
aim aft or satellite-borac irMrunmnts  at visible (VIS) md
iafrarcd (lK) vavclcngths,  have bcctl proposed as the basis
lbr pr-ovidiag regional cstimaks  of heat and moisture tmasfcr
from the ground to the owxlying  at taosphuc.  “1’hcIc arc:1
number of compl  i cat ing factor’s ia the MW ot- obtaia i ng
accamtc estimates of sensible (1 I) amt lakat (1 J:) heat flaws
by remote scasing techaiqucs  not tk Icast of which is the
mismatch in kmpmal  and spatial scakx bctwcca remote
smsiag  and ground based mcasurcawnts.  Most can-cat
remote scasia: algorithms combirw measuwmtx](s  of a
]aditrtivc scasor (e.g., 11<  radiomckx)  with ancillary g[ound
bawd mcmurcmcxts  (c.g , anemometer mour]tcxl  at a hcigbt
ot’2-3  m abow  the grouad). ‘1’hm,  not oaly do (Iw
chartrckxistics of the irmtrurncmts come ia(o play - the h+t
of Vie\v of the IK rwtiomctcr and its viewing angk  versus the
auclnomck~  whose measurement is made at a siagk poia(
dow-nwind frora a source awr, or footprint - but also the
prmxss  ofcombiniag  rcmok  smsiag  and in situ
mcasurcmwts  is called into qucs[ion

Ikmok sensiag mcasarcrmats  arc spatially cxkasiw aaLI
temporally Iirnikd  while in situ mcasumacats wc just  the
opposi (c. ‘1 ‘here al-c vet-y kxv stadiw  that address the
fumtawmtal  problems of combining near- iastar][aacoas
mnok scasing imagery ~vith grouad observat ioas CO1 led cd
at a lirl]itcd manbcr  oflocations  and avtxqyd owr  intervals
on the order of one-hal f to oat-third of aa boa-. In this
study, W’C attelnpt  to usc the rcsourccs of the Semi-Aricl ] ,aml
Surface Atmosphere (SA1 ,SA) cxpximcat  of Augus( 1997 to
itlvwtigak  some oftbcsc  problems.

2. 1 )A’1 A C(H J }(C’1’1ON

“1’k expel imwlal  details of the SA1 SA 1997 cxpci immt
al-c gi vca I r] other papers ia this special edition ‘1 ‘hc data wc
used ia our analysis was a combiaatioa  of aircraft and g[oulld
txistxl observations taken on the morniag of August 15 from
about ] (K)(l to ] 20[) ] ,“1’.

1 ha iag this time, the sky comtitions were mostly clca[
\vith some cumalus clouds formiog over mxwby  mountaia
ridgw  during the latter part oftbc data collection }xxiod “1’hc

6& espoadiag  author address: .Joha ~. S;j]icldg;,
California lnstitutc  of ‘1’cchao]ogy,  Jet l)ropulsiotl
1 aboratory, MS 183-501, })asadma, CA 91109,
email <jollr]titlilllos.ji>l.ltasa,gov>

1x)]:. (’cssna Cittitioa kv six tligh( lillcs, along aad across
k Sat] l’cdlo River lksin, over Waloul Gulch, pa Ifillcl to
the ( JS-Mc\ico border, aad near the 1 ‘lgil~ Kcscarch KanL-h
citlw at low (6.6 KR) or high (19.8 Ktl) allitades  uhich
yielded &OLUILf  piwls of S or 15-m sire. TNO irlstranmats
wwc moantcd in the aircrall: the Thermal Infrmxl
Mul(ispcckal  Scrrawr (’l’lMS) which has six chanwls  in the
thcnnal  lK from 8.2 to 12.2 pm, and has au It;OV of 2.5
mrad, aad the ‘1’hcmatic Mappc[ Simulator (’l’MS) ~ihich  has
scvca charmc]s from ().42 to 0.90 luu and tivc other chanacls
tiola 0.91 to 2.35 nun and 8.5 to 12.5 Iml

At scwral  locations on the ground al I mis Spriags and
Wrilaut (iulch,  there u’cic a number of flux and
lnctcmological measuring irmtruam]ts includiag Jhmcm ratio
systems, sonic ancnmmctcrs, Ilac N irc fast rcspoasc
thcnnocoupks,  and tJV fast response h>gromckrs.
I Ma COIICCICLI  oa the ground \vcrc mmpkd  at 5-10 11/ aad
awragcd  over 30 minatt intervals.

3. ANAI,YSIS OF 1 J ,4Nl) ],1{ 01’1;[{ SI,[, }; C”l’IJ,I) ARJ.AS
()]: ‘II [}; SAN 1’]I)RO KIVIR l\ASIN

Wc c+ilculakd 11 aad 11  from resistance forrnahrtions
\\ itl] par ticalar attcl)liott to the ellkcts that krmia (elevation
aad slope), w+tativc cover, surface variation ill emissivity
and kilwtic tclnpcraturc  have on the dilkrmx in radiometric
(’1”,.J) aaci air (’l’.,,) tcmpcrziturc. Results were compared \vith
eddy cmrclatioll rnc:isarcmca(s made at spxi[ic locations.
‘1’hc cakahitiol]  of ‘l”,d,I - T,,, is made Ltillicult  by the fact that
‘[’,6! is a ILc2ir ilk+tantancous  mcasurcmcnt while T,,, is a halt’
lma average “1 hc source areas of ‘I”,J aad ‘1 ‘.,, fire made
collsistcat thfough ‘1’ay]ors “from)  tlu~” theorem

We used the digital cartographic database from the 11[<0S
1 )al:i CcntcI  to charack[  izc the tcr-rtiitl, a tcmpcrtiturc
cmissivity sqxrratioa  (’l”JIS) algoritlm~  to prodacc scpamtc
d:i(a biiscs of Sptiti[il WirkitiOIF+  of SUrtkc Cmissivity arid
Lirwtic  tclnperaturc  from the TIMS data, and wrioas
aigor-ithms  to ca]udak vcgctatioa iadiccs  [rem the ‘1’MS
data
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1. IN1’ROI  )[JC’1’K)N

Rcmok  scasing observations ofthc surt_wc, obtaitd from
ait-mrft or satcllik-home imtramcnts  at visibk  ( VIS) iitld
infrared (IF<) wavelengths, have bcca p]oposcd as tbc basis
fix providiag regional estimates ofhcat  and mois(arc tI;iIIsfcI
from the ground to the overlying atomphuc.  ‘1’here arc a
nambcx of complic~iting  factors in the w’tiy of obtaiaing
acc Lmtc cslimaks  of scmitk (} 1) aad Iatcilt (1 ,11) heat !lLLMX
by mnotc scosing techniqLm not the least of which is the
mismatch in temporal aad spatial scaks bctwwI} Icmotc
sensing aad groaad hascct mcasarcmcnts.  Most camat
remote seasiag  algrxithms combine mca sarctmalts of a
radiative smso] (e. g., IK radiometer) Ivith ancillal~ groand
based nwmrwwnts (e.g., anmomckr moLInkd  at a height
of2-3  m abow  the groLmd).  ‘J’hen, not only do the
chartrckristics  ofthc instrLammts  com into pla!  - the ticld
of victv of the IR rirdiomckr  rind its vimviag aagk VCISLLS  the
ancnmmckr  whose mcasLmnmd  is made at a single point
downkviad  i~om a soarcc area, 01- fbotpt  int - but :ilso the
process of colnbiniag remote scosing and in situ
mcawmmwts  is crrllcd into qocstion

Remote sensing measalcnwals  arc spatially cxtmsivc  and
temporally limited \vhilc in situ mcasurcIncIIN wc  jLLS[ the

opposite. ‘1 }lCIc :irc vc~ fc}v st~Ldics  tha[ address ttlc
fLadaa~cat:il p~oblcms  of combining mar imtaataacous
remote scasiag  imagcly \vith groand obscrvat ions colkckxl
at a limited nLanbcr of locations aad averaged OVCI  intervals
on lbc ordcl ot’onc-halfto  oac-thid ofaa hoLlr. IIL this
s(udy,  u c attempt to LISC the resources of the Semi-Arid ] ,an[i
Surlk Atmosphere (SAI ,SA)  expwimcnt  of Augost 1997  to
it]} cs(igatc solnc of these problems.

2 I k&TA  CO] ,1 ,il’’l’JON

‘Ike expcrimcnta] de(ails of the SAI ,SA 1997 cxpcrimcnt
arc gi WI in other papers io this special cdi t ion “1 ‘he data wc
awd  ia oar analysis \\as a combination of airc[a[l and gi-oond
based obsa  viiticms takeu on the momimg  of AUgLM 15 ti om
aboat 1000 to 1200 1,’[’.

1 )Lwiug  this time, the sky conditions were mostl} CIIMI
Ivith some c umolus  cloLIds form iag over nearby IIlOUII  ta in

]-idgcs dLiring the latter  part of the data colkctioa  pcl-iod ‘1 ‘k
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1)01! (’eswa  Citation Ilcu’ si~ flight llrkx, along and across
the Sat] l’cxho Riwr Jkin,  owl  M’[ilaat (hdch,  pmillel  to
the I lS-Mexico bmh, and war the P3gia Resca[ch Ranch
citbcr at Io\v (6.6 Kll) or high ( 19.8 Kll) altitacks  which
yielded gloLmd  piwls of 5 or 15-111  si/c. “1 ‘MO instronmlts
IVCIC mounkd  io the airc!afi: the”1 knnal Infral d
MUlt@XtI”41  Scannc! (’l’IMS) which has six channels ia the
thclnnal 11{ from 8.2 to 12,2 pm, and h:is an l}OV of 2.5
lmad, and the l’hmatic  Mapper Slmalator (’[’MS) }Jllich has
seven chmacls  from 0.42 to 0.90 Ian ~iad iivc other channels
frotn ().91 to 2.35 mm and 8.5 to ]2.5 /Ltn

At several locations oa the ground at 1 mis Springs and
Walnut (ialch,  thc[c vvrc  a number 01 !lLM and
mclcmological mcasaring  instrLancats inc]Llding  lknvcn ratio
syskms,  sonic ancmomckrs,  fine u ire fast lcsponsc
thcrmocooplcs, and lJV fast response hygromckrs.
] hta co]lcckd  011 the groand w’ct”c sampled al 5-] () 1]/ and
awiagcd  owr 30 miaak intervals.

3 ANAIYSIS OJ; }1 ANI) 1}! OVIIR SJ;[ ,llTt;l) ARIAS
(N: ‘1’1 11{  SAN l)l;l)l{()  RIVttI< IiASIN

We calcalakd  I [ and I ,l; from msistancc  frmlLLlations
with pat licalar atkntion  to the CIYMS  that knaia (clcvatirm
and slope), wgct:itivc  cover, sarfacc variation in emissivity
aid hinctic tcmpc  IalLLrc  have on tk diffcrcl Lcc ill radiomctric
(’1’,”,])  tmd ail (’l’.,,) tcmperalar’c. J/malts  were compared v ith
eddy corrclzitioll  mcasLLrcmcllts made al spccitic locations.
‘1’hc calculation of ‘l”r.~ - “1’,,, is made dillicalt  by the fact that
‘1,,,,1  is a ncal iastantamxras measLmetnellt while 1’.,, is a halt’
hoLu  tivcragc. ‘1’Jw soarcx areas of ‘1’,~~ and ‘I’,,,  arc made
cmtsistcnt through ‘1’ayIors “f!omn tl[L\” theorem

Wc ascd the digital cartographic database from the }/1<0S
1 kta Center to charactcrim  the twain, a tcnqxmtarc
emissivity separation (’1’11S)  algorithm to prodace separate
cMi baws  of spatial variations of sur[acc cmissivity and
!-.inctic tcmpcratarc  from the TJMS data, and varioas
tilgot i(hms to calcLkik vegctatiou indices from the ‘1’MS
data


